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(54) OPTICAL WAVEGUIDE ELEMENT 

(57)Abstract- 

PURPOSE: To provide the optical waveguide element which is 
extremely excellent in a visible light to near IR region and more 
particularly light transmission characteristic and is excellent in heat 
resistance, moisture resistance, workability, etc., and the process 
for production of the optical waveguide element 
CONSTITUTION: At least one of a core part 2 or clad parts 3. 4 of 
this optical waveguide element are constituted of a thermoplastic 
resin and/or soluble polyimide resin which is a resin having 
norbornane skeleton and consisting essentially of an aliphat. 
structure and has <0.4dB/cm transmission loss coefft. to visible 
light and near IR light and 1.4 to 1.7 refractive index. The process 
for production of the optical waveguide element is executed by 
stages for successively forming a resin film forming at least the 
core part 2 and a film consisting of a radiation sensitive material on 
the substrate 1 and irradiating the films with radiations, then 
subjecting the films to a silylation and/or gel-mill formation 
treatment and reactive etching treatment. 
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[0 036] B^rf2L/ca:5^c^J^^}^J^:^>iK^flg (a) 

[003 7] »mBj«:*jt,*rfieffl3ti-5yju^ 
;^:^>^«J^§ <A) *i<fco'-e<DMji:^f;^icoi^r». 01 

^«i|^Bg5 7-88 1 5-^4^. i^lBBge 0-168 

7 0 8-^af8. I^MBSe 2-2 5240 6-^i2:l8. #13 
BS6 2-2 52 40 7^^?g, :^MBg6 3 - 1 4 5 3 2 
#PflllS6 3-264626. ^>^B. 1 
-2405 1 7-^ia«. #W^2 - 1 3 3 4 1 3-^IB 

[0 03 8] S/c. 01^H^(C*JC>-r€M3n^Bj^tt 

sj<u 5 F^fli (liiT. r y;^*r^^:^>^^^flg ( b) j 
) iur». miSTiBie (2) -ca$ns^i> 

7K;l':f>J^^li (b) J it^^. ) ?:^tf-5CiJ55r# 
[^b4] 




^ 



/ 



(2) 



(2 ) (CfcC^T. n^iO*/c&* 1 r'*>0. Z^i -Cq 

-s^ -co-SS/cW -c(R')ci^)-» ccc-e. R' 

[0 0 3 9] ^ (2) tC:ba^r. Z CD -CqH, q-S <t U T 
(q = 0) . (q= 1) . 

j:^U>a (q = 2) . h y^^U>a (q = 3) . 7^ 
h^^^U>S (q -4) ^^^&f^C<!::05T'^. ^/c 
-C(R* ) (R^ )-S^*>C:t -6 R"* *5 J: (>'ff <!: ^Jx.«^ 
^Jba. n ~ >'*ufc';l/*, i so-:7"DfcVb 

n-:/^;PS. iso-:/^;uS. sec-::^^;b 

[0040] ^;l'?^';^:^>^«fl§ ( b ) ^ { 2 ) 40 

[0 04 1 ] mm^u^'rV'yf^yx^'^^^^mmyY^mx. t 

IB^ (3 ) T-a^n-S. CCr. n = 0(Djb^&i. e 
^^^J? p [2.2.i]'^:7'^>- 2, 3. 5. ^-'rV'yio)\^ 
if^l^mrMim (fe^T. FBCHTAJ iC^^^o ) 

$/cn = 1 (Djb^^It^. h^^^^P [4.4.0.1' ^ 
l'''']Fr':^>-3. 4. 8. 9 -7=* h 5^:^;1^*'>MZ1 50 



0 0 




• • • (3) 



II ^ >'n I 

0 0 



[0042] mmm^vr x >ii. tib^ ( 4 ) 



[^6] 




[0 04 3 ] ^ (4) r«3^^flg]SSt>T^ >(D:g:i* 
C?iJ<hL/T«. 4, 4' -t'X (!>^P--v^->jUT ^ 

» , 4. 4* -x^U>brx (->:5?P"^+5^;UT5 
>) ^ 4, 4' - h yy^u^b';:^ (v'iJ7P-^^^>';bT 
5>) , 4, 4' -f- h^^^U>t:'X (>'i5'P'^+>' 
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;l/T5>) . 4. 4' -tf;^; (7 = yi^^p-^+i^^l/) 
x-7^;i/. 4. 4' -ex (T5 ^'i'i'P-^+J/'-'i') ;^ 
4. 4' -i^x (r 5 ^'i'i'D^+J^ji') ^ 

h>. 4. 4' 5^;l/^5^U>b'X (i^i'P'^+-> 

;l'T5>) , 4, 4' -^^jUx.^Jljt^l'^ii:^ (iy 

C 0 0 4 4 ] Sfc. yjVyi's}V-f'>J^mn^ ( b ) ti^ 

ccj; offe©jK or 5. F#<4*iJ;iy=/iJ/c»fife<Djj< y 5 lo 

(2) ■c^3n^i^ilb*{4©»i!bi^^W*t*> Bti 
J^R!E3n-5ili«ji, >'.»P5i<>'l':^>«lSlli (b) ©^a 
8 0 ^JV%&ik. 3 P> (C»^ < « 9 0 ^)V%iH± 

'Qihi>. it (2) r*snsi^igL#te©#W**i8 0 

t 0 0 4 5 ] HUiB5j< UTS KK;SsgCDPSStC^Or«. 20 
!^l*Jb^/c0fl|]S^S>T5>0. 8-1. 2^JV<Dm 

a^, i~5oss%, u< (*2~3 ofia% 
-cabo. Kimm.*i. m^. i so -cot. jf*L.<{* 
^mmit. m-^. i~2oob$ 

Ffl-C^>-5<, 30 

[0 046] yji^yi'^ji-rymmm ( b ) ^Mi^-r -sig 

ftS, L-/<:3!>i-o-r> (b) 
JSje3ft©^**^?:*lJtaiT S C i fc J: 0 IHgiS-r S C i *s 
[0047] B«IB5i< >; T 5 K^<DiaM{Ciaffl34T,-5?gii 



#Pg^6-2 08 03 3 

12 

[ 0 0 4 8 ] . H«iB©J:5{CL/-CP^3n/cJj<'; 

. Cii1) jKUTS h-^?S?:«^«f{CMPaU 

■c. spurs m=s:mmtLfc<D^. imr?>:f3m m 

[0049] MIB ( i ) ©:^«. 50-300 
•C©SS«:jHJ|^-rSC<!;{Cj:0?f*Dn.5. -^©BK, 

s ymmmmr 5 >a : n . n - g^^br 
u >II©^#«IT 5 >S ; f >; + y >. v 

^y^} :^m<Dm.mm.^\t^mm^. !i< u r 5 km 1 0 0 
fisgpsfc 0 . « 1 0 - 4 0 0 fia§p«^»n-r -5 c i 

*^-CttS. *fcSlD^(ciiJ^*©|^**^a<tTS/c 
h;l/x>. +'>U>t?©^^b***aSJnt--5C<!:«>t?ft 
[0 05 0] $?)iC (i) ©^StUT. ^'JTS 

^€:®s^c»**(c. m^m^. ijss^^p, P-;u^?ti 

c©tg^©*n^g[w. as. 5o~4oo*c 

W. lulBSWi L.r^^^Si{S»^^©SS;&ffiffl•rsc i 
{C J: 0 . V >lS^Jil ( b ) n/c»« 

[0 05 1 ] ^/cmrfB(ii)©:&iS«cfcc^-r. wssijib 
T«. ft«W«c5i^7kft^. ^7k:7'pf^>^. *S7kh 
y7PPS^Kif©g?M7K^*s^if ^nsds. mitT'b^ 

ffl^^j;^. ^yrs F^i oosfigp^fco, 1 
0-5 0 osagp^Anu. j[f* K »o~2 0 o'c©® 

( i ) -cmi-ftcm^mr^i^it^im^mmti^xii^m 

[0 0 5 2] 3 etCmiiB (iii)©:^SW. ^h' VT 5 FgJ 
TJl/^-^U. i^^b*^. 

©s^tpjcMrau. sK'jTs FM%i9*<^rax»)WL 

/c©^. as, 3 0 0-4 0 0-C©jgS-C, HtBJjffl^S 
[0053]jt<yT5 K^©l!tt*m3SCc J; 0 # U 5 F 



13 

[0054] mMvtcjz'>tj:y)V4i}\^-r>mmm (b) 

[0 05 5] ||l|6W{CJBt,i•C^ffl$*^S-^J^*^^'^:^> 

is^flg (a) m<Dy}vm}Vi--^mmm <a) *sj:ofy^i/ 

5K-'i':^->3^<^fli (b) ^<Dy}i'^}\yi->mmn'S (B) « 

3S®i«jt^wr-s<b©-c*-5*i, ^ne.©^is©5 0~ 
1 0 omm%mmmmm-ctj:<r}ii.iti3:hm\ iifif 

©J!l^^^ji©^W*«. S7$L<»60~100fia 
36K»$b< 0-1 0 0fiS%, ^^tCjfSb 
< « 8 0 ~ 1 0 0M«%-c*^, ^K*©fliS]Km*s 
5 0*«%*Slt?«. WHfttt^Koi^-C© 

[005 6] ifc. ^^l'7K;l':^>«*Sli (A) 

;^JK;^:^>l^J|g«Jll (B) ©pjis^j&^ea^s^il-^ts-c 

BP^*«}0. 4~|^0. 8 mn©j^S{c?Pt-r^® 
0. 4 dB/cm JiiT-C* 0 . L/ < » 
0 . 2 dB/cm jyr. $ 6iCif * L < «0 . 1 dB/cm 

T> !NfK:»$ L/ < W 0 . 0 5 dS/cm «Tf ^> ^, ^m^Sk 

min tor itmmm^mt^^b s t £• w a; u i ^. 
[0 057] y Ji'yt-^}vr>mmn^ (a) *j<i:o'^-'U5K;u 
(B) omTm^^mnt. 

[0058] */c. y^^>^<;^:^>i^^flfll (A) *jJ:(:>v 
)VTf^)v-r>^mm (b) ©niti7f£5!»^6ifi^?f7icSf©2g 

S{C>!=t-r€.®*T*W. 1. 4~1. 7-C*0. i(f*0< 
Wl . 4~ 1 . 6-C*So 

[0 05 9 ] y^l'd«.'U':^>.^*Sfl§ (A) *i J;OV;b^\>l' 
:^->^.^fl§ (B) ©;aST*«, ^;U*:Ml/:^>3^^fi(*-^ 

©)!S3S]K5«ii©^w^. mm<D^mm^m^ ^ctK. 

[0 060] yji^^fi'i->mmn^ (a) *jj:j>'-^ 
^^#^^:^>3^«}Jii (b) ©^H^ttfi (77,k„ ) ». a 
0. 0 i~2 0di/g©®ffl«:*s*^> »si/<« 

0. 3~1. 5dl/qt?$)«3. 2^{CjfSL<«0. 3~ 
Idl/g. miC0^L'<itO. 3~0. 6dV9"t:-*-5. C 

(7?,Hn ) tit. yjv^iji'i-^^mm 

(A) ©ii^w^'PD4-^>'L'Ac|3r, ^/c^;^!J<;^:^>3^ 
IsJfli (B) ©li^WN-j'^-Ji'fa'; K>ct3-c, i^jcc 
?aK0. 5q/dl, ©S30"C-ca'JS3n/cfe©-C*-S, ^Pt 

m^m. (t?„„ ) *so. 1 dvq*ss©ti^. wisns. m 
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■r. 

[0 06 1 ] y }\':^^}Vi-ymifiB (A) *sJ;iyfy;i/>ii->i' 
:^>I^Ji (B) ©ji^l^ttig (77. K„ ) it. ^EJc-en^ 
©^^fi{cM^-r€>„ cti6©^flg©M^ 

HI (A) ©J«^(c{i. Mi«©aStigK. M^SS. « 

fc-^)V7r.)vr>mmfiB (b) ©j§^k:«, ^y-rs Kiti 
3ft©^*^^^$ijiiip-r e c t «c J: 0 iiagg-r -s c 4 j&s-c* 

[0 0 6 2 ] yjlyt(}\^:^>mmm (A) *J JCOVib^Vb 
:^>*Wffi (B) (Drnm^MMit. =«Tg|J«:^-r^^ 

Bi{cot>r ». 1 5 0 'm±-c$>i,c Lifiitfi^ k , s 

®flii©M^*^! 1 5 0 "Cy±-C& S C ij&s J: 0 jif S U 

[0 063] y)V4--)v-rymmm (a) ts^rof-z^i/ij^ju 

20 :^>.^1^flg (B) ©ISfn5R7K*». 1. 8fiS%WT-r 

T> #fC»*L<»0. 8S*%OTr**. 
[0 06 4 ] y;l'nK>«l':f >*^flt (A) isJ:U^y}V^}V 

i-y^mm {B) o:>y)v^mmt. 5sa%j(UT-c*s 

[ 0 0 6 5 ] n 1 ^B^jcfci^r v';^!^^^^:^>3smBg 

(A) is^i::fyitcity)V4-o\^i'>^mm (b) tc^tu 
-c. 2. 6-iy-t--:f^)\^-4-jt9-Ji'y:>^y-}i'. 

30 2 . 2' -2^^+'>-3. 3' -i?- t -:/^;i'-5. 
5' -v'y xJ^-Jby :Sf>, 7 x^Jl/- (3 

^f-Jl T 5 >^©®?^ l:R*±i^J. 2 . 4 - t F a + 

2-b FcJ^'>-4-j< h + 5^-^>v^:7x 
2' -t Fu^^'>-4-y h + ->-2' -;<7^l/5K 

=^'>-<>i/:7 i ^>^©sgii-i^®iRS'j^^ 1 mximm 
[ 0 0 6 6 ] ^ 1 wRmmmw=i-it. w^^'pu 

■r**>©r*^*^ 7lc^jK8g«iF-*5r3Tg|J©i5f?:Wr.2. 
*/ii»y;i->i<JU:^>3S^BI (B) l3^hWiSL^txi>, "tV 

=iTm=s: y Ji^ijii'^mmm (a) *5j:af/i/c» 

y;U>i<;l':^>i^«)!g (B) i)^hmftS.-r?>Cti>mitly 
<. $6^CW, :3TS15ii'^»^ Fg|5i©M#^^.'L'*.'l' 
:^>.^^|}flg (A) *i<tO'/*/c«yJl'dOl/:^>3^^flg 

(B) 3&>61tfi£-r€>Ci*sj;0Jf* Lti. 
[0067] 5fe»j^^S^^^^*s^TgPi i'^ FSSi*^ 
r^*^. 3Tg|5©JffiJFf$tti'7 Fgi5©^tXj:l31«< 

50 r£iftHtrj:i^rj:\,^i!fi^ argPi Fg|5<b©«Jf^© 
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. mt. 0. 0 0 3t^±t?*^C<!:*5»* b<, 0. 0 1 

" mm ^id^^-^ nasi L-cc!>«it6€:»fc 

■rciccitc-s, 

[0 06 8] ^TgR*^-^J^>K-'^:^>5R^)lB (A) *>J:Df 
fli (A) *JJ;oV^/c»^J^^^'^:^>3ft^Bg (b) (O^ 

V FSP©J^^^^PjJ<^l':^>3^<»fl§ (A) *$J:iyt/as;fc» 
y;l'5KJl':^>S5«fl| (B> *>6=»Ji!tri.«^». cn?. 

>SetJli (B) *>6«^-r^lt^tt. argPii'^-;' K 

[0 06 9 ] 3fe^igg§«T^{C*iC^r. 3Tgi5©iPi« 1 ~ 
20 0Mm*iJlf$l/<. 3P>{C|(fa!U<«5~5 0/im 

[ 0 0 7 0 ] ^ 1 (C. mW^Cjt^iffiSSIg^^CDSglJ^jg 
5, 

[0 07 1 ] ?fe»ig5§ST-CD»««*4«. 

[ 0 0 7 2 ] 0 1 SIB^(jr)7^;^«S§*^«. ^m7t*^6ifi 

a. 7^7^^ x^u-. FA, gfiim. ^tf^^©*sjAt,> 

[0 07 3 ]<>:iC. 3E{CE2?r#ML-T. ^2|%a«CD7t 
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mo. s nm<omciiciit^i,m&w<imL\i. o. 4dB 

/cm JWT-CS>«5. »3JL<«0. 2dB/anJWT. ?P>CC 
»i;U<«0. IdB/cmJWT, ^«:»*L<WO. 0 5 

$-C®?S?StC*f-r-5««f*Wl . 4~1. 7t?*»3. » 

*L<« 1. 4-^1. 6-C*^„ 
[0 074] C(Dj^^tmmtl,X[t.. »*b<», H 
l^B^«:-:3iiriet8L//cx';P;I<;l':^>3^Sifli (a) m<D 
tmwmfi^. >^^5J^J^:^>JK«j!§ ( B) ^©=i< »; -f 5 

[0075] »2^l«©3fe»jga«l^^©l?ii:^». V 

a^fi!cMi^jsj«;t4M3^*^e.^c^M5(D?f^fiS(c^L-c», -e 

M m ?MS© :7 ^ " r as L/ r lassj 3 n -s . 

[0 07 6 ] BuiesMi4-^«®«F* ut^rss«. -miyj 

— JKKO. 5~1 00q/dl> #«:jff*L<«3~50g/ 
1 0 0 q/dl . !^{Cj? S U < « 3 ~ 5 0 q/dTC*-&, $ 

S5t«i^f&ttM*4o«F*ui,^?iis«. -aatc 1 0~5 0 

q/dl. i|t{Cjif$ly< W3 0~4 0q/dl-C*-&, 

[0 07 7 ] CC-C. r3TgP2^, m^ity)V^^)\^i'y 

mmn^ (a) *^<to*/3^fc«^J^*^^^:^>.^«^JJi (b) 

^gj^itTB. m«. ^Jl"K;l^:»->^^fli (A) ©IS 

^ 1 mmifCioi^xyjv^jii-^mmmwoy^^-iE 

>3St«)ll (B) ©JS^». ^l^B^Jcteli-CjKUTS F 

[0 0 7 8 ] ^xi^-c, m2 (D) {c^-r<fc'5tc. Buiefe 

1^©^X^6?r/i-LrS5(WJ|g7 5:M«-r-5. ^©f^. ^ 
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±<DJ: b {c UTJBfiS3nfc3rgB2<3!)**W-rS?^SSr 

m2 (;^) (C^r-rJ:'5{C. S^tCi?^-? FS|54^ff$fiST 
SCi*i»*Ut^. C<D^^>> Fgi54«. 10 

[007 9] */c. i'^ Kg|54 ^^Jl/*Vl':^>IS^)JI 
(A) *iJ:^>'/S/c«y;^*f;^:^>^^^Sflg (B) d^-^^ 

UtTB. fi«i;^«BuiB3Ta52*St*«i'-7-v FgR3©» 

[0080] B5iBSc*fiei®t5i±wi4«> tummmmk. 
[008 1 ] c<oi: 6 tsnmm^mmm^vx it. m 

(^^) BUie <>r) i (P) iOtg^^^^tf-SCiJ&i 
[008 2] BulBy --^ iJ'^fliti. 1 m.U±.<Dy y 

^ C i (c J: 0 Mii-r -& C i *^-C ^ -So 
[0 08 3] H?iiB7*y-;Wt^i^iLr(3:, 7^^- 40 

[0084] y a: y •-;Wb^©A«C^i Ortt. 7 :c 

y— Jb. i'L-v'"— ;u, 31 y — ji/, •7*af;U:7i 

:/3^;l':7x y— >>l/. r 5 ^b:? x — -^^^s^ 
-lU^xy— ;!/. i^i^D-^+i^^l/ 7x^—^1/. jtri>^}\/y 
3iy— y::-;!/^' 31 ^b. 7 y— 
ly\yy-)V. h Vji^Jly x-y-JV. f)7-Zl—)\,. [y-J 50 
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fP:</P-;l/. ^^PPi'^l'i^y— bF 

>ik 3— Fr^iV— ;l/^©7x>'— Jl/S: l-:J-7F — 
;K T.'l'+.'l'- 1 F-.'l'. T^l/^i+S^- 1 
F-;k 2 F-jl/^®t FP+2^:^:?3r';>SI? 

[0085] */c. BUier-'l'T't F«v T-'U+JU*. T 

^i/n+i^s. ry-ji'S. >'^py>^s^. -fps. 

U, ^J^^UAT^l-f t F. >'>'^*-il'ATJl'f b F. ri2 F 
T-iU-rt F. 7"P t*:t>T;l'T't F, y5^>»UT^I/7=t 
F. •-i>Xr;l'7^fc F. :7x-Jl/T-fe Fr^Wf^b F. a 
-7x^;l/7'Pb:j->T^I/-rb F. /3-7x^;uypb 
:i->T^l'7^b F. t FP^->-^>XT-'l'7'b F. ^J'PP 
^>Xr;U7^b F. — FP'OXTJl'T^b F. ^^^-'I/'^ 
>Xr-»l'7'bF, Ji^Jl/'^^XT^I/T^b F. r^PbVl/'^ 
^XT^P^b F. ^^-rt/'OXT^l'f'b F^*^lf 6*1 

[ 0 0 8 6 ] miEy ^mm<D^*>0^ vi>mm 

mHa. r)V=¥)Vy :^y-)vm (m^itp- t - y^ji^y 
3^y—)V. p-n-::^Pb';i/7xy— p-jig^;u:7 

x^y—JV. ^;^,^^AT^^f'b F 

<!:©Siffi^^!B}*Jj:0'i' UV-;l'S)^c«:^-7 F-,»l'i 
•OXT^iUT^b Fi©Si^^*fiS!g)^-C*^. 
[008 7] ^XfC. BUlBb FP + ^';^^U>l^fiiflgiL/ 

». -'^P-y>M^, -fp«. '>Tya^?-cg^3n-c 

Cir*>J:(,>b FP+i^X?^U>S©*l4a^i*S/c«Jt 

(008 8 ] lutab FP + ->X5^U>S©=R<*Ca|<hO-C 
3 - b Fp + '>;^^U>. 4 -b FP + S>'X5^L/> 
^©15*^ T^l'+;l'- b FP=<^i^X5=-U>, a-7;U+ 
;l'-b FP^^^i'X^-U^. /3-TJU=^=.>l'-b FP=^S^X 

u ^ c i 3!)ir it ■&„ 

[008 9] BflTlBb FD + >'X5^U>SHiS*^-r-5.C 

X5^U>. . i'PP;;^5P^U>. a-T.»U+il'X^U>l? 
©X ^ U > * /ci«-^©flS{*©«*\ b'- Jbi- 
b-;Ui;:<7";i'. (^^) Ti";p^ F y-iu^ tg^bb- 

[0 0 9 0] cne.©b FP + i^X?-U>5^^flg«, ji 

Fa + >xg^u>;^^fl§«. ^©:7x y->iH47K^S?: 
jfiS^C«aa-C«SlL//cb FP + i^X9^U>ffl«rfi^U 



as 

a. buy ^^i/^'y^i'*. x^^ps^ 

a^-Cgjft L/cS^^tf -5 C i . i /c. r p r o 
tective Groups in Org^anic 
Synthesisj (Joh n W i 1 e y and 10 
Sons. Inc. ) ( 1 9 8 1 ) KUB^Snri^^^ 

[0 09 1 ] cn^cDt KP + >-X^U>3^ISflg<D^^ 

-3-t FP + 5^X^U>*/c«cr-y^>?U-4-t F 

tia-y^;l/-4-b FP+>^X^U>i4 ~^PPX 
^ U > t <DitS^fl:^r * So 

[0 09 2] m2^H^CC*5l^r«. ^^<Sfl§*5<t 20 

tc. >^3j^^:^^«fli<tt:FP + ^'X^U>3g«J!§i*flf 
[009 3] mn^y ^-^uttTkg^S^Wl^flii i ^tc 

;l/>y-;U-l. 2 F + >^>>^T^ F-4 
*>^Ji;^7^;b. 2. 4 -t^b FP + v':?:^!^.;!/-!! - 
F>- 1 . 2-:^y h=^^-/>>^Te^F-4- 
>^;l/5^>Mj:.Xr*;l/. 2. 3. 4 - h U fc FP+i^:^ ^ 30 
:::;l/-n -•^+>^;l/>^r F>- 1 . 2 -i^y h yyt^T 
p-4 -X^b^iVi^XXT-vH/. 2. 3. 4-FytF 
P + V-^O^/r? xy>- 1 . 2 -^f^' m^^^^t^TS^F 
-4 -XJl/;^>g^xX7^;l/, 2. 4. 6-FUtFP + 
t^^^y:? :c^>- 1 , 2 -:^-7 F^-/>>^T>^ F- 4 
-X;l/^>M:c-X7">^l^. 2. 3. 4. 4' -^h^bF 
p+^'-^>:/:7xy>- 1 , 2-'ry h^y:^iyriy\' 
-4 -x;b^h>KxX7^>fb, b'X (p-b Fp+->:7x 
^jL')y^>-l. 2 hr^y>>?T$^ F-4-X 
;Ud^>MJ-;^r>'b. 2» 2 - b'X ( p - b Fp + >^>' 40 

:7'P>^^•>- 1. Z-i-y h^y>ZyTi>\'~4- 
X;bJ^>^xX'r;^. 3. 5 ->^b Fp + v'^MSM^ 
2 -:^:7 F + y>>^r>? F- 4 -x;l/*> 
ffi?xxf-;b. b'x (2. 5 --:^b FP+^'-c>v^-^;b) 
y^>-l. 2 -:^:7 F + -/>s;^Te^F-4-X;bd--> 
MxXT-il/. p-bx(2, 5 -t^^b Fn + i/-^>:/'r 
■-c>-ff>- 1 . 2 h + y>>>T>^ F- 4 -X 

y>>^Tt? Fib^fcS. «*rS/c&3:2S«±^il^U 
X^mr^Ctii)^X^i>^ +y>S^T^^Ffb^CDiB^ 50 
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=^IJg^^l OOaSgU^/cO. ii^. 5-50* 

[0 0 9 4] Is fc. mriB+y>S/T5^Flfc«J|g«. >':c 
^-;H47kKa^*#fli%. 1 . 2 - + ^ >>^T 

>?Fx;^*x;^7^^>^ F^i:0. S^i^cSJ^;;^*. ^ 
m&m^fmi:^ vxs.^v^Mtr^ct(tcj: ^xm 

[0095]fuKl. 2-=^^>/>>^Ti^FXJ^>^^Jl/^^ 
FitrJi. . 2 F + >^>5;^T>^F 

-4-X>rl.;t:j:,;l/^p i; F. 1. 2-^y \^^yiyi>r 
i>F-5 -;^;l/3t:x>rl/>5?p y F. 1. 2 F=^^>^> 
>^T>^F-6-X;l/^^;b^P U F. 1. 2-i^yh^ 
y>^:;^Ty F- 4 -x;l/4^xji/yp $ F. 1. 2-:^:? 

h=^^^>i^T>^F-5-;^;V7^^;i/:/p^ F. 1. 2- 
F + >^>>?T>^ F - 6 -x;l/;^xil/-:rp ^ F^O 

1, 2-:^^ ^ + y>>?T>?FX;^4^x;w^^^ F : 
<fc^^l. 2 --<>y=t^>'>>?T>^ F-4-X;b;^^;Ut57 
PUF. 1. 2 — ^>V+-/>>^T>^ F-5 -:^>»b7^^ 
>H/tJ7piJF. 1. 2 -^>V^+>'>i^T^^F-6 -x;b 

^^:::.;l/^P y F. 1. 2 ^> ^ >>^T>^ F - 4 - 

X;U*^J^Jb:/p ^ F. 1. 2-^>V^y>zyrzyp- 
5-XJl/j^xjl/:/p^ F. 1. 2 — -<>V+v'>t^Tt> 

F-6-x;l/jj-.j:-;l/:/p^ F^cDl. 2~^>V^y> 
i>Tv^F:^;^^^x;^y^^^ F^^cf sc<b^5t?^So c 
ne>o^%. 1, 2 F+>^>e;=r>^F-4-x;u 

;^x;i/t5^pi; FfeJ:af 1. 2-:^>' F + >^>-:^T>^F- 
5 -x;l/>^x;l.d7P y F:«>^W$ Ll^o cn6<Dl. 2- 
+ ^>i;^T^:^FX;^7^x;l/y^^^ F«. #S*'C$/ct*2 

[0 0 9 6] +>^>e^Te;^F^t«fl§cctet^r. 1. 2- 

^yZyzyTV' FX;l/^x;l/y^^ ^ FCC J:SxXT*;Wb* 
ii^. xX7">rHbBU<D:7x^'->iH4*MS^W<^BI 

<^3:2 0-'5 0%r*>S„ +>^>>^T>^F^b«ifl§ti. m 

^x$Mt2m&L±^M^oxmmr^ct'^^x^^. 
[0097] mmmmim^i^mcit^. v Mmmm^ 

tLX. m^ltO. 1 -5 0fia%. #CC5'-3 OfiS 

[0 09 8] HuiBv' u Mmmm^<t:i^yi^Mty'}\^ ^ 

>. N- (4' -X F n^>-fe'>x;l';f>x;i.) -4-x 
hPrx'J>. N- (3' -X F p-v>-tf>x>rU*x 

-4-5>T>'rxi;>, 1- (1' , 2' -:^:7F 
^;^y>i;^T5^F-5' -x;i/7f-xji/) - i . 2. 4-F 

'Jry-il'. 2' F>^y>5/T>^ F 

-5' -X;b*:x;l/) b^V^-^U, N- (4' -xFP 
■-<:>-fer>X;l/*x;b) >f^^v^-;l/, N- (4' -^^ 
;^'^>^2>x;^^^x;^) ^ ^ n- a-y^i. 

>- 2 -X;U-^x;U) >f ^ ^V-)Vm^mii>Ct:^^X 
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[ 0 0 9 9 1 * fc. mws^ws^mt. mmmsmici: 

[0 100] CCDj:^>^C7t^ll^^JiUT«. -PJ^^X 

;^7^^-?A^. ^Xj^^-iJAta. aK-'^Affi. i;>rv'^ 
^•i'AJfill©^— >>A^ : — h a--c>>';i/.'N-5"f K : >'^ 

'J -^i', ^ hP-^>e^;H'>M:^r' hJi/^©^ 

hP^>i/;H; >^xXf-JW : i'T>''OS^^Uy 

^p■-^>i>JHgK:^>' h p-^>i?;Higffi^j.X 

h>»l/3f<D$^r^^>i^JHSiKxx^;l'^=&^lfS 30 

ajy±^ig^ b-rffiffl-r S c <!: 
[0101] ]6S^«giStBttttl4«:». -i:«K:)ES 

[0102] ^uwiwmifmmmtni^ o < »^fS<!: 

— 7^;l/. y'pfc:ix>i''>;zi— 

— 7^^l'T42 7^- 7Pb'U>i^';3— il/^yx^iUi 

— f-;l/T427=-— ^^^iHzPy^Ur^Tizf-" 

;l/-fepy;i':/T-fe7-- h, h;ux>, +i-'U>. ->f5^;b 

iUi-T-JU. 1. 2 h + i^x3?>. ;^7 7'P>^. 
^^'UJi-®!, 1 - rt >' -.(U^ \- y-r j-yy^. mSi 
3.'^y\'. mmy'^f-yi'. r--:f^'a'y^ Viy. iy^=^yi-( 
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». #sfeT*/c«2aiiUi*ig^ur«M-r-5ci/iJt? 

[010 3] ]S$(3ti|IMS^(c|^t-r^$n.&£$(mi»(c» 

V u -if-#©^ssi^ig, i7 p h p :ymmmm<Dx 
[0104] mmmmsm, ^Hbsasfe j:c^/3s/c 

/*)t«y;Ui;HbSiJ©SS^*#S[Dr. aailSS 
nsj&s. a^. 8o-c«±. »s Kwi 0 o~ 25 

0. ^<=>(cj(f*b<»l 2 0~2 0 0°C-C*S. 

ffiNFPfl»> am. ^#~6o^es. ff*b<»io# 
~i o^es-c*^. 

[0105] i>[(,»-c. i^yjHb*aa*$J:i:x/*/c«y;u 

*fi^M«gP5' ai;?fi<}(cv'JjHb?fiJ*jJ:0'/^/ctt 

-yji/5JMb«ii^!RiR6-C)SiSTS3!>s. tmmf^msm 

[0106] BMlBi' 'J ^WbSiJi br». mMty- Vy^ 
xxxil/=y:y^ hVj(^^)i'OUiy^>^i>jt^yVZyi'\3 
P5^^>, y^^iUh 'J h 'jy ^;l/:?'P-=& 

'v.+-9-^5^Jl'->^>^1f>. 1. 1. 3, 3-7=- 
h^ji^yViyi^'yViy. ^-y^M^ywj^iy^-^'^, 

•!J-7i^il/i^i'51f>, 1, 3 - fx (i'PP^g^-'l') 
-1, 1. 3, 3 -f- 5^;l'>'S^^1f>> N-hU 

h •j^g^>>Ui^y;i'i>xg^ji.r s>. •^^■y-^?-;i'ix^> 
i^T5>. N. O-f X ( h ';x5^;l.>/y;l/) T-fe h 
5 K, N. N' -b'X ( h J^^. N. 

Ptf-5ci*5-c^s. !|ticii7Sbt^j^';-'Hb^JW> ^+ 

[0 1 0 7] Buge-y;t'2;HbSiJ<bur»; m« 

t'x ( h u y ^;i/-5r';i/ s Ji/) T 5 >, t'x ( i>jt 
^US-ib) T2>. t'X ( h •Jx5=-JU-j7';l/5 JU) T5>, 

tfx (i^x^ii/y^i/Sii/) r5>> hu^^jui'ppy 
;l'-7>, h y x?-;l'i?ppy;Uv>> iJ^?-;Ui>i7PP 
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- ( h •J^9^Jl/yjP5>>l/) i^i^^-'l'T 5>. N- (Vs. 
3::^}Vi>'Jl'S.)]^) tyjt^JV7 5.>. N- (h'jy 
-i^^-J-yV^ N- ( h p< 5 

€>ci*s-e#€>. 10 
c 0 1 0 8 ] y jHb«ia*jj:cx/$ ^fctty-ii/s >»Mb*fi 

lOO-2 5 0'a 36.CC»*L<»1 2 0~2 0 0'C 

* 0 < « 1 o#~ 1 o^m&-v^i>, 

[0 10 9] $/c. i^'J>»HkMa*><l:0'/'*/c«y;U5 

itm^. 0iL<imsrf'c. ^ja^*-r-5ci*!jff* 20 
[0 110] wrge©j:^tcL-cs^';jMfcj!{iffi*jj:cjf/i 

X ^ J; J) SJtStt W > i 9^ > i'Mffi ?:tf ^ 

«tS*II^^MWg|5©«« fc i>^'pv y -»HbB*i J: 

*MS4tf 5 C i 4>-r * -5. «fsEJ£fc:tt>f 4- >i > 30 
©teS%ji^«:*iJiJp-r-5CiM:J:»). MiBl~2 0 0ju 

[Oil 1] mi^m.m-^^->x.-j^:yifms.<j:>m^ 

tH:^l. 0~1. 7KW. Wm^KO. 2-0. 6Pa 

*j. a«?ftinK:^UT«, assa^2 0 - 1 0 ccfi 

[0 112] ^c*J, «t*fi|gJlSWK:J:0^Ufc3TSIJ2 
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[0113] 

[USSR'S] «T. IIJSm^tf-C3tc^W%3?>«::H:i*&fj 

n 6 ©Hife^acc fpj e 3 n -5 ©r I ^ . 
Utti^lfl 

'><;=i>SS±«:. TiB>'J^5^^-'^:^>«^fl§ (B l ) 
htji^^'y f FgP 0 um) . Ti5^^l'5i^>'l' 

:f->lfi*Sfli (Al) iPhtj:i>m. (l^tiJS/f 1 0 /zm) te 

m) ^. S«I4©^?S*@I^^L> IgiSTSCitcJ: 

S3 6 5 <zm) ^3 5 0m J /cm' ©MW»-CM*fU/c 
1 5 0-C-C3^ra. ^«lfiS^^f-5fc. 

->K;Mb|[iJiL/r-^=^-t^--p<5^;l'i?i^^1f>?rfflC\ 1 6 

0. 4Pa-C13^}ra. ^^;*/x:/7X-v'{cJ:aSlSt4 
>f^>X5>^>y*affi?r?f->r. 1 0 Mm4Bj:iyfi|@ 
10 + 0. 5 ym©3Tg|J^f^RKLfc, ^^t^T. Tta-/ 
;U#;l/:^>J^^flg (B 1 ) ^^Hte^^br. arSP 
±8U©^*i)gi;S3&s 1 0 ym©;?^ y PgU^J^^l^r. 3 
TgfJt^^ KSi5<b©^m-MJ¥3 0 Mm©7te#i^SSmT 
^ntc, C ©^ ^ t-rf#64^/c3fe*;m*^-©^tg 
a^©jgSiC-:)t,^ra'JSL/c. $/cJt$5©/c 
it). iKU U- h (PMMA) *J«fcZ/sJ<y 

(PC) ccoi^r^j. l^igltcbrffJSb 
fc. cn6©S'j^:i^*a 1 {c^-r„ 

[0 114] yjW;K^U:^>3^iaflg (A 1) 

msmm^oy^mm : e i %. 

>Ff^«iS (7>,H„ ) : 0. 7 8dl/q 

mm. : 

[^b7] 




CHg 



[0 1 15] y )V^^)\yi-:^mim (81) 

flgiS;K«ii©$^* : 7 8%. 
y^m^m. (rj.,„ ) : 0. 7 1 dl/g 
^jg : 
[^b8] 



(14) 
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[0 116] mmmm^stmttm 

2-i-y V^y'^V>Tt^ F - 5 - X,it/;^^;l'^P y Kt? 
x.:X7-Mt or fj: + ^ > >^T 5^ K^b^B§ i 0 0 SSSU 

mm^Wtm^ s osa%K:if^Lfc^SL 

[0 117] IIJS«ai2 

^n^(D^'^memk^. i i iai«i«c ur sijjs u 20 

[0118] iyfi0*3 

^jl';J<;Uf >^.^fll (B 1) ^fc^?^ f FgP^rttfS 

[0 119] mmm^: 

(Bl) ^-^'UXAt^JC^J^U. «/h*Bft^^fflC»r> 30 

tc-^i»T:«>. lel«ocu-c®*T^*S'J^L//c. cn6©iW 



; [0120] 

M^«:*5WS7feej*^tt*iei*T«n^©^?f^c6-r. w 

#l^tcJ:S<i:, FA. tei*«li»^^^«6/cifMJSl»^H«C 
[ia9©fSf^i&3i^] 

[0 1 ] jHiMfl«J&^3IS??S^-?^©SSI5«ig*^-rS»r 
[02] 02^B^©^^^KI^S*^^©^®:&66*i^^?3•r5 

1 

2 3Tg|5 

2' 3TSI5«:?l^)«-rSJl 

3 ^ KSP 

4 i'^r^KSIJ 

5 ^licl^^f&lil^^ 

6 

7 l&*flg 
[^1 ] 





488 


514 


532 


633 


1064 


1300 


1550 




0.05 


0.04 


0.01 


0.02 


0.01 


0.03 


0.39 




0.05 


0.04 


0.01 


0.02 


0.01 


0.03 


0.40 




0.04 


0.03 


0.01 


0.01 


0.01 


0.03 


0.36 


PMMA 


0.29 


0.33 


0.28 


0.23 


0.28 


0.27 


0.74 


PC 


0.53 


0.54 


0.48 


0.34 


0.39 


0.29 


0.45 



[^2] 



27 



(15) 
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488 


514 


532 


633 


1064 


1300 


1550 


(A 1 ) 


1.521 


1.519 


1.518 


1.513 


1.505 


1.502 


1.501 




1.483 


1.481 


1.480 


1.475 


1.466 


1.464 


1.462 


PMMA 


1-503 


1.502 


1.500 


1.496 


1.487 


1.483 


1.488 


PC 


1.596 


1.592 


1.590 


1.580 


1.565 


1.564 


1.563 



mi) 



m2] 




1 a« 






i^mmiL 1 ] 

mWMWJ¥M^) 005 6 

[0056] S/c. (A) fc<fcC^ 

y ;b ju -r i^ihm^mm ( b ) © Pim7fe*> e. * 

■CtDjgg. EP^$^0. 4~*^2 Ann©i^?Stc>Pt-rSSja 
0. 4dB/cmJ^T-C*0, «F*L<W 
0. 2dB/'cmlUT. 36tcW$b<«0. IdB/ 

cmOT. 4#ic!!f$G<«0. 0 5 d B/c mfeiTT* 



CffliE>l*a]S@«] 0 07 3 

[007 3] ;^CC> i{c0 2?:#Mfr, »2^BJ€> 

~*^2Mm®jgS{C*l^SSaiiiife<^^«. 0. 4dB 
/cmJyT-C*0. J?*L<W0. 2dB/cmmT. 
360C*fSO<«0. 1 dB/cmJWT. !Rf{C»*U< 
«0. 0 5 d B/cm«Tr*^, */c. ^^flg©Djta 

1. 7r**). iif*(./<w 1. 4~i. 6r*s, 



(16) #Pg¥6-2 0803 3 



